Chromatographic analysis: Standard solutions were injected directly into the injection port in each of the three chromatographic systems. The injection volume was 1 μL:
-I system: -capillary column HP-5ms, -carrier gas: nitrogen at 1 mL/min, split injection (80:1), injection port temperature: 275 °C, detector temperature: 275 °C, FID gases flow rates: air 450 mL/min, hydrogen 40 mL/min, temperature program: 40 °C (5 min) -ramped at 10° C/min -250 °C (10 min).
-II system: -capillary column DB-624, -carrier gas: nitrogen at 1.50 mL/min, split injection (80:1), injection port temperature: 220 °C, detector temperature: 220 °C, FID gases flow rates: air 450 mL/min, hydrogen 40 mL/min, temperature program: 40 °C (5 min) -ramped at 10 °C/min -200 °C (10 min).
-III system: -capillary column SLB-IL 111, -carrier gas: nitrogen at 1 mL/min, split injection (15:1), injection port temperature: 250 °C, detector temperature: 275 °C, FID gases flow rates: air 450 mL/min, hydrogen 40 mL/min, temperature program: 40 °C (5 min) -ramped at 5 °C/min -220 °C (10 min).
In order to determine the dead time, 0.2 mL of a mixture of methane in nitrogen (ca. 100 µg/mL) were injected. Next, retention times of standards were found from the chromatograms and the peaks identified. The data were processed using TurboChrom software and the following parameters computed: retention factor (k'), selectivity factor relative to the preceding compound (α' 1 ) and selectivity factor relative to n-nonane (α' n-C9 ).
S.3.2 Analysis of real samples
Sample preparation: Samples (2 mL) of raw effluent and treated effluents was transferred to 10-mL vials, which were then capped and placed in the P&T accessory.
Chromatographic analysis: The analysis of effluent samples was carried out using the conditions described in 2.4.2, in SIM and SCAN modes. Three independent determinations were performed for each sample. Analyte identification in SCAN mode was based on comparison of mass spectra of the analytes with those in the NIST and Wiley mass spectra libraries, whereas compounds used for calibration were identified on the basis of two selected ions and retention times of the standards.
S.3.3 Determination of procedure parameters
The limit of detection and quantitation:
The limit of detection (LOD) was calculated from equation (1):
where: S -analyte signal [pA] N -noise near the analyte retention time [pA].
The limit of quantitation (LOQ) was calculated from equation (2):
Retention factor (k') was calculated from equation (3):
t Ri -retention time [min] t 0 -dead time [min] Selectivity factor (α' 2-1 ) was calculated from equation (4):
k' 1 -retention factor of compound with a retention time t Ri [-] k' 2 -retention factor of compound with a dead time t Ri+1 [-] Selectivity factor (α' n-C9 ) was calculated from equation (5):
k' n-C9 -retention factor of n-nonane [-] Linearity: Linearity was examined in the concentration range described above. Evaluation of linearity of the detector response was based on the correlation coefficient (r), which for the linear relationship between peak area and analyte concentration should be equal to or insignificantly different from 1. The range of linearity of the calibration curve were also determined by standard residual analysis 1 and a simple method, in which for the three independent determinations, for each of the levels of concentration were determined graphic functions from equation (6):
y -peak area [Au] x -concentration of analyte [µg/mL] On the graph, the value of the constant response was determined as a line parallel to the axis of the abscissa and also lines corresponding 95% confidence level. For the points that were lying outside the accepted values of the confidence level, were labeled as nonlinear points corresponding to the specified value of the concentration, while points that were within the acceptable range of error was defined as a linear points.
Determination of percent reduction in O-VOC content following effluent treatment using DHS-GC-
MS:
Two characteristic m/z values were selected for each of the investigated standards, thus generating the basis for identification of O-VOCs. Chromatographic peaks were integrated based on the signal acquired for the selected ions only. The data obtained in this manner were compared for the examined effluents before and after treatment.
For the chromatographic peaks not belonging to the identification database, identification was further expanded by matching spectra of individual O-VOCs with those in the NIST and Wiley libraries. These compounds were tentatively determined based on the average response factor for a given group of compounds, i.e. ketones, aldehydes and alcohols.
S.3.4 Determination of COD, BOD, EC 20 and EC 50 parameters.
The basic quality parameters of wastewater -chemical oxygen demand ( 
S.4 Results

S.4.1 Selection of capillary column
In order to optimize chromatographic separation of 36 O-VOC compounds, the standard solution was chromatographed using three capillary columns with various polarities. The retention times for individual compounds along with their peak numbers and selectivity factors with respect to the preceding compound and n-nonane are compiled in Tables S1, S2 and S3. This hydrocarbon was selected due to the fact that for the most polar stationary phase (IL-111) lower n-alkanes were eluted at the dead time.
A nonpolar HP-5ms column with the 5% phenyl -95% dimethylpolysiloxane stationary phase yielded the poorest separation. In addition, acetaldehyde and propionaldehyde were eluted at the dead time ( Figure S2 ). The column with a nonpolar stationary phase, such as HP -5ms, is characterized by the insufficient selectivity. The elution order and retention are determined solely by dispersive interactions while dipole-dipole interactions and hydrogen bonding are absent, so that they do not affect retention.
The use of a moderately polar DB-624 column with the 6% cyanopropyl-phenyl-94% dimethylpolysiloxane stationary phase ( Figure S3 ) resulted in coelution of several pairs of compounds or incomplete resolution of some chromatographic peaks. The following compounds were coeluted:
tetrahydropyran, furfural and ethyl propionate; 2,4-dimethyl-3-pentanone and 3-methyl-2-butanone as well as anisole and cyclohexanol. Similarly to the nonpolar column, acetaldehyde and propionaldehyde were eluted at the dead time. The elution order of compounds within a homologous series was determined primarily by their boiling point, which resulted in a high selectivity of the column for compounds with a large difference in polarity. This phenomenon is caused by the presence of cyanopropyl and phenyl groups on the surface of the stationary phase, resulting in strong dispersive interactions. In addition, the cyanopropyl group exhibits strong dipoledipole interactions providing selectivity of the stationary phase for a number of groups of polar analytes relative to n-alkanes.
The most polar column SLB-IL 111 with the stationary phase being an ionic liquid (1,5-Di(2,3-dimethylimidazolium)pentane bis(trifluoromethylsulfonyl)imide) ( Figure 1 ) had the highest selectivity towards the standard mixture. Coelution was observed only for a few compounds, such as 3-pentanol and 2-pentanone as well as 2,4-dimethyl-3-pentanone and 3-heptanone. At the same time, small values of the selectivity factor (α' 1 ) were found for several pairs of compounds, i.e. 2-butanone and ethyl acrylate as well as 1-propanol and paraldehyde. The SLB-IL 111 column is characterized by strong dispersive and dipole-dipole interactions, which mainly determine the elution order of analytes. Hydrogen bonding on the surface of the stationary phase plays a minor role. Hydrogen bonding has a significant effect on retention of only some groups of compounds, i.e. alcohols, which can form a hydrogen bond with the stationary phase both through a hydrogen atom and through the lone electron pair on oxygen. For ketones, esters and aldehydes, only the latter type of hydrogen bond is possible.
On the basis of the results obtained, the SLB-IL111 column with the ionic liquid stationary phase was selected for further work, since it ensures the highest selectivity towards O-VOC compounds, as demonstrated by the selectivity factors relative to the preceding compound ( Figure S4 ). The few coelutions should not interfere with the procedures making use of GC-MS due to substantial differences in mass spectra of the separated compounds and the occurrence of numerous specific fragmentation ions. Furthermore, previous investigations 7, 11, 15 revealed that the samples of postoxidative effluents contain n-alkanes, which under the DHS conditions are released in the n-C5 to n-C9 range with small amounts of n-C10 do n-C13 also present. Under the selected separation conditions n-alkanes up to n-C8 are eluted at the dead time; thus, the use of IL-111 column largely reduces the matrix effect.
S.4.2 Results of analysis
Among the compounds identified in raw effluent there is just one ester -ethyl acrylate at a concentration of 0.11 µg/mL. On the other hand, 2,3-dihydropyran, an ether, is present in all of the investigated samples except for those that were treated by ozonation. In all the remaining cases, a slight decrease in concentration of 2,3-dihydropyran was observed. This is due to low reactivity of ethers associated with the presence of the stable bond C-O-C. Ethers can be oxidized by oxygen and ozone, which initiate a radical reaction with the insertion of oxygen molecule, breaking the C-H bond at the carbon bonded to oxygen, and the formation of hydroperoxides of ethers. Only one aldehyde, furfural, was present in all the effluent samples. Studied treatments lowered this value.
A substantial reduction in the content of aliphatic ketones is observed only for the effluent samples treated by ozonation. In the samples treated by sono-cavitation with additional oxidants analytical increase in concentration of these compounds was observed. The content of cyclic ketones, i.e.
cyclohexanone and 3-methylcyclohexanone also increased in comparison with raw effluents. A summary of the results is shown in Table 2 .
A comparison of the content of individual compounds in raw effluent with that in chemically treated effluent reveals that sono-cavitation with hydrogen peroxide and ozone result in an increase in OVOCs content. The content of the majority of the compounds was either completely or largely removed following ozonation of the effluents. To a large extent, this can be due to the purging effect of a strongly dispersed stream of gas, removing a fraction of the VOCs from the liquid by their partitioning between the two phases. The extent of the purging increases with the vapor pressure (volatility) of volatile organic compounds present in effluents. 
